The Early Palaeoproterozoic Brockman Supersequence comprises banded iron formation (BIF), bedded chert, limestone, mudrock, sandstone, breccia, tuffaceous mudstone, ashfall tuff and, in sections not reported here, basalt and rhyolite. Density current rhythms are preserved in sandstones, mudrocks, tuffaceous mudstones and limestones. Relics of similar rhythms in BIF imply that its precursor sediments were also deposited by density currents. Hemipelagic deposits are siliciclastic or mixed siliciclastic-volcaniclastic mudstones. Bedded chert, chert nodules and the chert matrix of BIF preserve evidence for formation by diagenetic replacement. For bedded chert (and chert nodules), silica replacement occurred before compaction close to or at the sediment-water interface, indicating that it is siliceous hardground. The chert matrix of BIF formed during compaction but before burial metamorphism. Original sediments were resedimented from two sources: (1) limestone, mudrock, sandstone, breccia and tuffaceous mudstone from a shelf; and (2) BIF from within the basin realm. Shelf sediments were resedimented to basinfloor fans during third-order lowstands. The precursor sediments to BIF are interpreted to have been granular hydrothermal muds, composed of iron-rich smectite and particles of iron oxyhydroxide and siderite that were deposited on the flanks of submarine volcanoes and resedimented by density currents. Resedimentation occurred by either bottom currents or gravity-driven turbidity currents, and the resulting sediment bodies may have been contourite drifts. The concept that BIF records high-frequency alternating precipitation from ambient sea water of iron minerals and silica is negated by this study. Instead, it is postulated that the precursor sediments to BIF originated in much the same way as modern Red Sea hydrothermal iron oxide deposits, implying that at least the particles of iron oxyhydroxide originated from the oxidation of vent fluids by sea water. Several orders of cyclicity in basin filling establish a relationship between rising to high sea levels, episodic sea-floor hydrothermal activity and BIF that is reminiscent of the link between eustacy and spreading-ridge pulses.
INTRODUCTION
Banded iron formation (BIF) is a 'thinly layered or laminated rock in which chert…alternates with layers…composed mainly of iron minerals' (James, 1983) . It is a uniquely Precambrian lithofacies, being characteristic of Archaean and Palaeoproterozoic sequences (Beukes, 1973) . Its interpretation as ambient chemical pelagite (Cloud, 1973) sparked an intriguing debate on Sedimentology (2003 Sedimentology ( ) 50, 979-1011 Sedimentology ( doi: 10.1046 Sedimentology ( /j.1365 Sedimentology ( -3091.2003 Early Precambrian atmospheric anoxia, with its decline linked to the establishment of the oxygenrich atmosphere between 2400 and 2060 Ma (Holland, 1984 (Holland, , 1994 Kasting, 1993; Karhu & Holland, 1996; Collerson & Kamber, 1999; Melezhik et al., 1999) .
There is much support for a deep-marine hydrothermal source of iron in BIF (e.g. Simonson, 1985a Simonson, , 2003 Jacobsen & Pimentel-Klose, 1988; Derry & Jacobsen, 1990; Alibert & McCulloch, 1993) . There is also much support for the hypothesis that BIF was deposited along a chemocline between iron-rich and iron-poor waters (Beukes et al., 1990) , a process that mimics the deposition of oxide facies hydrothermal muds (Rona, 1984; Nelsen et al., 1986) . Although modern hydrothermal muds are preserved near deep-marine vents (Butuzova et al., 1990) , longdistance transport of hydrothermal solutes during oceanic anoxia (Isley, 1995) may have enabled BIF deposition on continental shelves during high sea level (Simonson & Hassler, 1996) . Distinction between ambient pelagite, sediment deposited along a hydrothermally induced chemocline and hydrothermal mud is significant. The first implies that the oceans were a reservoir of dissolved iron, whereas the other two imply that iron was supplied episodically. Iron enrichment in Archaean shales and dolomites certainly establishes that the average iron content of the early oceans was higher than that in younger oceans (Veizer, 1978; Kump & Holland, 1992) , but few would now argue against the episodic establishment of an iron-rich reservoir.
Banded iron formations of the Hamersley Province of Western Australia (Fig. 1 ) have long been considered chemical sediments (Trendall & Blockley, 1970 ) that precipitated in a shelf environment (Morris & Horwitz, 1983) . Iron is considered to have precipitated during upwelling of basinal waters rich in Fe
2+
, whereas interlayered chert precipitated from ambient sea water (Morris, 1993) . High-frequency alternating precipitation of iron minerals and silica is postulated to explain rhythmic layering and lamination (Trendall, 1973) . However, the mineralogy of BIF is mostly diagenetic or metamorphic in origin (Trendall & Blockley, 1970; Ayers, 1972) , which prompted Holland (1984) to argue that mesoscale compositional variations are not chemical evidence of the depositional environment. Isotopic analyses (Baur et al., 1985; Kaufman et al., 1990) have constrained some depositional and diagenetic aspects, but determining what features of BIF are evidence of the depositional environment remains a key problem.
For Hamersley BIFs, little emphasis has been placed on sedimentological evidence by analogy with modern sediments, whereas a critical test of depositional models for BIF is arguably documentation of associated lithofacies (Drever, 1974) . A sedimentological analysis of BIF and associated lithofacies that helps to constrain the depositional environment is presented here.
IRON FORMATION: FACTS AND MYTHS

Background
Recognition that the main iron minerals in iron formation define diagenetic facies established: (1) oxide facies of haematite or magnetite; (2) silicate facies of greenalite or stilpnomelane; and (3) carbonate facies of siderite, ankerite and ferroan dolomite. The original sediments are considered to have been iron-rich clays and minute particles of iron oxyhydroxides, with diagenetic facies determined by pore fluid geochemistry, water depth (Drever, 1974) and rates of oxygen and carbon supply at the interface between surface and basinal waters (Klein & Beukes, 1989) .
Two tectonic categories were defined by Gross (1983) . Iron formation in greenstone belts is Algoma type, and iron formation in shelf sequences is Superior type. Two depositional types are also defined. Laminated facies (BIF) is Algoma type, and clastic facies (granular iron formation or GIF) is Superior type. The classification is difficult to apply to the Hamersley Province, where sedimentary assemblages are Superior type, iron formations are laminated and the association with basalt and rhyolite is Algoma type (Barley et al., 1997) .
Banded iron formation in the Hamersley Province comprises iron minerals and chert in paired layers that vary from microbands 0AE2-2AE0 mm thick to mesobands 10-50 mm thick. Trendall & Blockley (1970) and Trendall (1990) proposed that mesobands and microbands can be correlated across the province, which led to the interpretation that BIFs are chemical varves that precipitated on a deep-water shelf (Trendall, 1973; Morris & Horwitz, 1983) . Only chert mesobands can be correlated (Trendall, 2002) , whereas correlation of microbands should be viewed with caution because microbanding can be seen to be diffuse in field exposures.
Granular iron formation comprises ooids, pelloids, granules and intraclasts and sedimentary structures of wave or tidal origin. Stromatolites, oncolites and bioclasts are associated with some GIFs. Granular iron formation is well documented from the Superior Province of Canada (Dimroth, 1979) and the Nabberu Province of Western Australia (Hall & Goode, 1978) . Rare granules of greenalite and stilpnomelane were described from Hamersley BIF by Ayers (1972) .
Depositional conditions
Controversy still surrounds: (1) the processes of iron precipitation; (2) the origin of chert; and (3) depositional systems. For Hamersley BIFs, Morris (1993) emphasized: (1) a constant source and input of iron and silica with little lateral variation in depositional units; (2) water depths deeper than those for GIF but shallow enough for carbonate deposition and preservation (i.e. above the CCD); and (3) an absence of shoreline facies. Morris & Horwitz (1983) explained the absence of siliciclastic sediment by an outer-shelf environment barred by a carbonate barrier. Ewers & Morris (1981) and Morris (1993) reviewed the environmental factors involved in iron precipitation. The principal premises are that the atmosphere contained little or no O 2 and higher CO 2 (Cloud, 1973) , and that depositional environments were anoxic. The only oxidizing environments were associated with photolytic dissociation or a photosynthesizing biota. Water bodies were stratified, with a near-surface oxidizing layer above an anoxic reservoir of Fe 2+ (Klein & Beukes, 1989) . Overturning or upwelling of bottom waters is considered to have precipitated iron on continental shelves (Holland, 1973; Drever, 1974) . Cloud (1973) considered that BIF deposition involved oxidation of Fe 2+ in a surface zone of photosynthesizing biota, and concluded that BIFs were ambient chemical pelagites. Konhauser et al. (2002) recently discussed the likelihood that the precipitation of iron from sea water was microbially mediated.
The basis of most models is that Fe 2+ was transformed to Fe 3+ at a mixing zone with oxidizing sea water and precipitated as particles of iron oxyhydroxide. Dehydration to haematite occurred before compaction. Oxide facies BIF should therefore preserve precompaction particles of haematite. In contrast, silicate and carbonate facies BIFs contain iron as Fe 2+ , implying that iron was deposited as Fe 2+ within clay minerals or was reduced from Fe 3+ to produce diagenetic siderite (Walker, 1984) . However, Beukes et al. (1990) considered that particles of siderite precipitated either from the water column or at the sediment-water interface. In modern seafloor hydrothermal vents, sulphur dominates over iron by a factor of about four, so that sulphide precipitation leaves vent water poor in iron. For oxide facies BIF to dominate, vent equilibration temperatures and iron to sulphur ratios must have been significantly higher (Kump et al., 2001 ).
All models agree that silica precipitated from sea water. Despite well-established petrographic evidence that chert in BIF is a diagenetic mineral (e.g. Ayers, 1972) , the chert precursor is considered to have been abiogenic laminated silica. This is in conflict with many studies of Early Precambrian sedimentary rocks that have documented the precompaction silicification of sediments (e.g. Barley et al., 1979; Lowe, 1983; Buick & Dunlop, 1990) .
STRATIGRAPHY OF THE HAMERSLEY PROVINCE
Stratigraphic boundaries
The stratigraphic succession of the Hamersley Province is the Mount Bruce Supergroup. Its base is an unconformity or nonconformity on greenstone or granitoid-gneiss basement (Blake, 1993) , and its top the unconformity below the Beasley River Quartzite (Fig. 2 ) of the Ashburton Province (Krapez, 1999) . The Hamersley Province was (Fig. 1) . Columns are drawn proportional to chronostratigraphic intervals to emphasize the protracted period of deposition and gaps in the stratigraphic record.
deformed by the Ophthalmia Orogeny before deposition of the Beasley River Quartzite. Deformation is most intense in the Ophthalmia Fold Thrust Belt (Fig. 1) .
Sequence stratigraphy
The Mount Bruce Supergroup is a 10AE75 km thick succession of volcanic and sedimentary rocks that range in age from 2772 to 2410 Ma (Trendall, 1995; Blake, 2001) . From the base upwards, it is divided into the Fortescue, Hamersley and Turee Creek Groups (Fig. 2) . The Fortescue Group comprises superposed unconformity-bounded sequences, flood basalts and rift stages (Blake, 1993) .
Post-rift supersequences (Fig. 2) record: (1) a passive continental margin (Marra Mamba); (2) a flexurally reactivated continental margin (Paraburdoo and Bee Gorge); (3) an extensionally reactivated continental margin (Brockman); and (4) a retroarc basin (Turee Creek). The Chichester Range and Hamersley Range Megasequences (Figs 1 and 2 ) record divergent and convergent continental margins respectively (Blake & Barley, 1992) . This paper reports on much of the Brockman Supersequence (Figs 2 and 3 (Fig. 3) . The Brockman Supersequence records a relationship between BIF deposition and a large igneous province (Blake & Barley, 1992; Barley et al., 1997) .
LITHOFACIES ANALYSIS
Lithofacies described here are: (1) siliciclastic sandstone; (2) limestone and dolomitized limestone; (3) mudrock; (4) tuff; (5) bedded chert; (6) BIF; and (7) breccia. Excluded are additional lithofacies in the Weeli Wolli Formation and Woongarra Volcanics (Fig. 3) , namely rhyodacitic volcaniclastic turbidites, rhyolite, pillow basalt, basaltic hyaloclastite and dolerite, which will be described in another paper.
Siliciclastic sandstone
Description
This lithofacies has been identified in field section and drill core at Newman (Kneeshaw, 1975; Simonson et al., 1993a) and in field section at Giles Point (Fig. 1) . At Newman, it is restricted to the Mount Sylvia Formation (Fig. 4) but, at Giles Point, it is also present in the Mount McRae Shale (Figs 5 and 6A). It comprises graded beds of massive and plane-laminated, quartzosericitic sandstone ( Fig. 6B ) that vary in thickness from 20 to 105 cm and average about 40 cm. At Giles Point (Fig. 6A ), beds can be traced for several kilometres, but the base of each bed is an erosion surface with up to 40 cm relief. Beds often contain tabular clasts of shale from 5 mm to 30 cm long.
Interpretation
The upward gradation from massive to planelaminated sets and the bed stacking are identical to Tab turbidites (for all turbidite nomenclature, refer to Lowe, 1982) , and the lithofacies is interpreted to record deposition from turbidity currents. Lack of evidence of any form of wave modification indicates deposition and preservation below wave base.
Limestone and dolomitized limestone
Description
This lithofacies is well developed in the Mount McRae Shale and the Dales Gorge Member. Pelloidal grainstone textures were reported by Simonson et al. (1993b, fig. 32 ), but dolomitization and silicification has mostly destroyed original textures. Where present, limestone typically underlies mudrock and bedded chert in sedimentation units but, in the DS7 macroband of the Dales Gorge Member at Fortescue Falls (Figs 1  and 3 ), limestone overlies mudrock and bedded chert in a compound sedimentation unit (Fig. 7A) . That section also contains an interval of scour-based clastic limestone with chert pebbles (Fig. 7B) .
Vertical transitions of massive-graded to planelaminated to ripple cross-laminated to planelaminated intervals are preserved in many sections (Fig. 7C ), but plane-lamination dominates, whereas starved current ripples and draped lamination can take the place of ripple crosslamination ( Fig. 7D and E). Laminations can be accentuated by rhombs of diagenetic siderite. Soft-sediment deformation ( Fig. 7F ) and dewatering structures are often present. Graded beds are well preserved and typically contain small tabular clasts of shale (Fig. 7G) .
A unit of dolomitized limestone in the Mount McRae Shale contains floatstones and wackestones (Figs 5 and 8) . Clasts range from compact and cobble-sized to platy and <3 cm thick, but can be up to 1 m diameter (Fig. 8) , and are mostly of calcilutite. Rounded, compact clasts of black chert are also present. At Wittenoom, clastic dolostones are overlain by dolomitized calcilutites ( Fig. 9) . At Newman, the unit is all black shale (Fig. 4 , above 61 m).
Interpretation
Plane-laminated, cross-laminated and rhythmically laminated limestones make up classic Tbde, Tcde, Tde and Te turbidites. Floatstones and wackestones in the Mount McRae Shale are R-and S-type turbidites. Deposition below wave base during lowstand is implied. The relative absence of calcareous mudstones questions whether sediment was derived from: (1) same-cycle shelf limestones, which is unlikely because it implies that limestone was deposited on the shelf during lowstand; or (2) previous-cycle highstand limestones. Erosion of the Wittenoom and Carawine Dolomites (Fig. 2) is also possible.
Mudrock
Description
Mudrock lithofacies are present in: (1) the upper and lateral parts of sandstone and limestone packages; (2) mudrock packages; and (3) isolated beds, <5 cm in thickness, within other lithofacies. In the Mount Sylvia Formation, Mount McRae Shale and parts of the Whaleback Shale, mudrocks are composed of quartz, sericite and chlorite. In other sections, mudrocks are composed of the clay mineral precursors to metamorphic stilpnomelane and chlorite, with minor quartz, zircon and tourmaline (Trendall & Blockley, 1970; Ayers, 1972; Morris, 1980; McConchie, 1984) ; these are the stilpnomelane-rich mudrocks of Pickard (2002) . Granule pseudomorphs with the same composition as the enclosing matrix have been reported by Trendall & Blockley (1970) , and are probably original mud granules.
Early diagenetic pyrite or siderite can be abundant, and is either disseminated or along laminations. Siderite is typically the earliest iron-bearing diagenetic mineral, with sideritic mudrocks the characteristic non-BIF component of the Colonial Chert Member and the Brockman Iron Formation (Fig. 3) . Later formed minerals include diagenetic coarse-grained (rhombic) ankerite-ferroan dolomite and minor magnetite. Early diagenetic pyrite is the typical iron-bearing mineral in black shale of the Mount Sylvia Formation and Mount McRae Shale (Fig. 4) , but the Whaleback Shale can contain early diagenetic pyrite ( Fig. 10A and B) .
In association with sandstones and limestones, mudrocks are typically the upper (Tde) intervals of turbidites. Td intervals are composed of alternating massive and vaguely plane-laminated, micrograded siltstone and mudstone ( Fig. 10A -C), whereas Te intervals are vaguely laminated green or black mudstone. In mudrock-only packages, the lithofacies comprises Tab and Tde rhythmites. Tb intervals are typically cryptically graded ( Fig. 10D ) and accentuated by fine-grained siderite or coarse-grained (rhombic) ankeriteferroan dolomite. Multiple sets of massive and plane-laminated Tde intervals dominate most sections, and often contain thin Tb intervals of limestone (Fig. 10E ). Solitary beds of structureless mudstone from <5-50 cm in thickness are also present, but are rarely >5 cm thick in BIF packages.
Sets of Tde intervals range in thickness from 5 to 30 cm. In mudrock-only packages, sets are amalgamated into parasequences (Fig. 11 ). Contacts between sets and between parasequences are sharp and parallel, but some are erosional. In every section, the top of a parasequence is planelaminated bedded chert (Fig. 11) . The top of some
Resedimented origins of banded iron formation 985 sets can also be an interval of plane-laminated bedded chert ( Fig. 10C and E). The defining feature that establishes whether bedded chert is the top of a set or the top of a parasequence is that the lower contact is diffuse and transitional into mudrock (Fig. 10C ), although that contact is often stylolitized (Fig. 10E ), whereas the top surface is sharp. In a few sections, upper, lower and lateral contacts in bedded chert are diffuse and gradational into mudstone intervals that are not part of Tde units (Fig. 10F ).
Interpretation
Despite iron enrichment, the average composition (Alibert & McCulloch, 1993) establishes that the precursor sediments were terrigenous muds. Association with sandstone and limestone indicates that mudrocks record deposition from density currents. In mudrock-only packages, Tde sets are distal low-density turbidites. Rhythmically stacked sets record semi-continuous turbidite deposition. Solitary mudstone intervals in other lithofacies are considered to be hemipelagites. Stilpnomelane-rich tuffaceous mudstone is mostly composed of stilpnomelane, but also contains quartz, K-feldspar, andesine, zircon, tourmaline and stilpnomelane pseudomorphs of shards (LaBerge, 1966; Trendall & Blockley, 1970; Ayers, 1972; Morris, 1980; McConchie, 1984) . It is distinguished from mudstone only by a tuffaceous component. Relict shards indicate volcanic provenance, but the association of quartz and zircon (of rhyolitic provenance) with stilpnomelane is enigmatic. Stilpnomelane, a metamorphic phyllosilicate of the chlorite-biotite zone, has the precursor composition of an iron-rich smectite and implies basaltic provenance. Pickard (2002) established that zircon is a detrital mineral, and that stilpnomelane-rich tuffaceous mudstones are volcaniclastic or epiclastic-volcanogenic lithofacies. Sedimentary rhythms establish that stilpnomelane-rich tuffaceous mudstones are turbidites (Fig. 12A) . Water-settled stilpnomelane-rich tuffs ( Fig. 12B and C) are massive or weakly laminated, composed of >90% stilpnomelane as matrix and pseudomorphs of glass shards, and lack felsic detritus.
Black porcelanites are composed of crystal-rich detritus (K-feldspar, quartz), minor chlorite and stilpnomelane pseudomorphs of shards. They comprise massive and plane-laminated intervals (Fig. 12D) and are also turbidites. Thickness ranges from 1 to 41 cm, with the thickest intervals composed of multiple Tab rhythms. They are located within mudrock and BIF packages. They also contain detrital zircon (Pickard, 2002) .
Whether horizons of this lithofacies are tuff, resedimented volcaniclastic sediment or epiclastic-volcanogenic sediment, volcanic influences on basin sedimentation are indicated. Geochemical signatures indicate that tuffs were basaltic or rhyolitic (Pickard, 2002) . Tuffaceous mudstones are mixed provenance epiclastic-volcaniclastic sediments that imply that volcanic ash was amalgamated with shelf muds and redeposited as hemipelagites or turbidites. 
Bedded chert
Description
Bedded chert varies in thickness from a few millimetres to 1 m. Many intervals have province-wide extent and are the top set of depositional sequences as well as the top set of parasequences (Figs 11 and 13A and B) and some sets ( Fig. 10C-E) . Bedded chert is mostly plane laminated, with laminations emphasized by fine- grained haematite or siderite, or by precursor sediment (now microcrystalline dolomite, stilpnomelane, chlorite or sericite-chlorite). Intervals in carbonaceous shale preserve relics of organic matter. Fine-grained haematite occurs only in chert within BIF packages. The pairing of finegrained haematite or siderite with chert, or of precursor sediment with chert, defines a lamina set that is referred to as microbanding (Trendall & Blockley, 1970) . Stylolitization of the lower surface to lamina sets is ubiquitous (Fig. 10E) . Diagenetic coarse-grained (rhombic) ankerite, ferroan dolomite and siderite are also well developed but obscure laminations form a pseudostratification that colours chert white in unweathered rocks ( Fig. 14A-C) . Rhombic carbonate post-dates the diagenetic silica matrix (Ayers, 1972) . Pressure solution of rhombs on stylolites, which establishes that carbonate diagenesis predated burial stylolitization, has been well illustrated by Trendall & Blockley (1970, fig. 22B ).
Lamina sets in bedded chert are at least 1 mm thick and commonly up to 5 mm thick, and contrast with the microlaminated chert matrix of BIF in which lamina sets are £0AE5 mm thick (Trendall & Blockley, 1970) . Also in contrast to the chert matrix of BIF, bedded chert intervals are relatively free of magnetite. The upper parts of bedded chert intervals at the top of BIF macrobands are massive or weakly laminated (Fig. 13B) as a result of the loss of fine-grained haematite or siderite, or precursor mud. Some bedded chert intervals are internally complex (upper chert interval in Fig. 10E ) with internal discontinuities that record soft-sediment (plastic) deformation.
The top surfaces of chert intervals are sharp (Fig. 10E ) and often show truncated laminae. Where overlain by sandstone, limestone or mudrock, truncated laminae record erosion surfaces (Fig. 14A-C) but, where overlain by BIF, truncated laminae can be of structural origin (see below). Lower surfaces, if not modified by stylolites or shearing, are diffuse (Figs 10C and E and 14A, D and E) . Lamina sets in underlying lithofacies pass laterally and vertically into the same lamina sets in bedded chert or are differentially compacted against chert (Figs 10F and 14F and G) . Those lateral and vertical transitions establish that: (1) chert replaced underlying lithofacies; and (2) lamina sets in bedded chert are the same sedimentary structures as in other lithofaces. Lamina sets in unreplaced lithofacies are conspicuously thinner than those in chert (Fig. 14F) , indicating that replacement occurred before compaction. Downward replacement of BIF by chert is also recorded by McConchie (1984, fig. 24 ). Some bedded chert intervals preserve downwardthinning lamina sets (Fig. 14A) . Unequivocal evidence that bedded chert is a diagenetic replacement is shown in Figs 10F and 14F and G, where shale interdigitates with chert, lamina sets in chert contain relict shale, and chert grades three-dimensionally into mudstone.
Interpretation
It appears to be fairly well accepted that bedded chert in Early Precambrian successions was an abiogenic chemical sediment (e.g. Simonson, 1985b; Morris, 1993; Sugitani et al., 1998) . This study establishes that chert in the Brockman Supersequence is a diagenetic replacement of other lithofacies. Preservation of uncompacted laminations indicates that chert was precompaction in timing and indurated before compaction. Evidence from the erosional truncation of laminae for a hard substrate establishes the early timing and rapid induration of replacement chert. Although the source of silica contrasts with the biogenic origin of Phanerozoic chert (Maliva, 2001) , similar rapid development during diagenesis is implied (cf. Bohrmann et al., 1994) . Despite evidence supporting early induration and hard substrates, bedded chert retained porosity during burial because it focused the growth of burial diagenetic carbonate.
Evidence for plastic deformation (see section on Breccia and Fig. 10E ) implies that chert had an early gelatinous phase. A similar gelatinous phase before dehydration-consolidation and its rapid transformation to chert are recorded by silica cements in GIF (Simonson, 1985b (Simonson, , 1987 . Because early diagenetic silica replaced a variety of sediments, it is unlikely that silica came entirely from the precursor sediment. Bedded chert appears to have developed during sediment starvation, such that it records depositional hiatuses and siliceous hardgrounds that developed as early silica cementation progressed to sediment dissolution and replacement. The basin-wide extent of each interval implies that silica may have been supplied from across the sediment-water interface. Siever (1992) , concluding the same for Neoproterozoic chert, discussed how silica was drawn downwards from sea water as opal-CT precipitation depleted interstitial waters of silica.
A corollary of the hardground interpretation is that the thickness of bedded chert may be proportional to the depositional hiatus, which may also be reflected by the degree of destruction of primary laminations. Like their Phanerozoic calcareous or phosphatic counterparts, hardground surfaces were either exposed at the sea floor or covered by a loose sediment veneer. Evidence for the latter is shown by gradations between chert and hemipelagite (Fig. 10F) .
Despite suggestions that the silica content of Archaean-Palaeoproterozoic sea water was >60 p.p.m. (Siever, 1992) , there is no evidence that amorphous silica was precipitated in layers on the sea floor. Rather, the only sediment deposited during sea-floor silicification was hemipelagite.
Banded iron formation
Assessment of mineralogy and mineralogical banding Sedimentological analysis of BIF must distinguish the products of: (1) sedimentation; (2) diagenesis; (3) proto-ore; (4) orogenic deformation; (5) iron ore; and (6) weathering. Post-sedimentation events so severely mask the identity of the precursor sediment that few mineralogical aspects of BIF relate to the depositional environment (Holland, 1984) .
Fine-grained compact haematite and siderite and the precursor clays to stilpnomelane and chlorite are considered to be the original minerals (Ayers, 1972) . Greenalite may have been the precursor diagenetic mineral to stilpnomelane. Rhombic ankerite, ferroan dolomite and siderite formed after chert but before burial stylolitization. Stilpnomelane, chlorite, minnesotaite, riebeckite, crocidolite, much haematite and much magnetite post-date burial stylolitization.
Fine-grained compact haematite occurs as 5-15 lm spheroids with 1 lm pore-filling inclusions of early diagenetic silica (Trendall & Blockley, 1970, fig. 34 ; Ayers, 1972, fig. 6 ). The spheroids are identical to haematite spheroids in modern iron oxide deposits of the Red Sea (Butuzova et al., 1990) , and are almost certainly very early diagenetic transformations of original particles of iron oxyhydroxide. Similar-sized spheroids of siderite are either original or early diagenetic particles. Other spheroids, now composed of stilpnomelane, chert or even greenalite, are original granules, but their precursor compositions are unknown (Ayers, 1972) .
Most haematite relates to ore genesis, even in sections distal to ore bodies. Ore-haematite is prismatic or platy and often associated with bladed carbonate minerals. Within the iron ore bodies, haematite-carbonate alteration occurred at temperatures of 250°C at high fluid pressures (Barley et al., 1999; Taylor et al., 2001) .
Magnetite replaced or overgrew early haematite and siderite (Ayers, 1972; Morris, 1980; Ewers & Morris, 1981) , but it has several forms: (1) disseminated grains within but obscuring sedimentary laminae; (2) laminated bands; (3) layerdiscordant veins and laminae; (4) cleavage fills; and (5) coarse grains in iron ore. Much, if not all, disseminated magnetite is diagenetic. Ewers & Morris (1981) report that most magnetite overgrew fine-grained haematite. Ayers (1972) reported that magnetite euhedra predate rhombic carbonate but post-date matrix chert. In contrast, laminated bands of magnetite, or proto-ore, postdate burial stylolites and destroy primary layering. Discordant veins, laminae and cleavage fills of magnetite cross-cut those bands. Magnetite is also an ore mineral, with preserved transformations from proto-ore to ore-magnetite, ore-haematite to ore-magnetite and ore-magnetite to ore-haematite (Barley et al., 1999) .
Laminated bands of magnetite (proto-ore) are the magnetite mesobands of Trendall & Blockley (1970) . Other mesoband types are composed of chert-magnetite, chert-haematite, chert-siderite, chert-iron silicate, chert and riebeckite, but all can contain magnetite. All mesoband types formed before Ophthalmian folding. Cherthaematite, chert-siderite, chert-iron silicate and chert mesobands are sedimentary layers, but their mineralogy is not original. Chert mesobands are bedded chert. Chert-magnetite mesobands with disseminated magnetite are also sedimentary layers, but chert-magnetite mesobands with mmto cm-sized lenses of chert enveloped and truncated by laminated magnetite (Figs 12B and C and 15A and B) preserve only relics of original sedimentary layers. Sedimentary layers of chertiron silicate ± magnetite (Fig. 15C) show the same destruction by laminated magnetite.
Planar and internally laminated magnetite mesobands are referred to as planar-laminated magnetite bands. Although bands are paraconcordant with bedding, it is a moot point whether they are sedimentary layers. Anastomosing laminated magnetite bands clearly truncate sedimentary layering ( Fig. 15a and B) . In association with truncated intervals of bedded chert, anastomosing laminated magnetite bands are a type of podded chert (Trendall & Blockley, 1970, fig. 38 ). Abrupt three-dimensional truncations of laminae distinguish this type of podded chert from the gradual thinning of laminae in early diagenetic chert nodules (see below), and are conspicuously different from early diagenetic contacts between bedded chert and other lithofacies.
Field exposures (Fig. 16A-C) show that: (1) preserved relics of the precursor rock are truncated intervals of bedded chert; and (2) the geometrical arrangement of chert bodies defines an imbricate structure. Offsets within and between chert bodies have normal rotational sense, and define laminated magnetite as a ductile listric mineral foliation. In planar-laminated magnetite bands, the deformation fabric approaches concordancy with sedimentary layering. Proto-ore formation therefore included near-total replacement of the microlaminated chert matrix of BIF and the partial destruction of bedded chert (see also Klein & Beukes, 1989) .
Cross-podding (Fig. 16C ) is a form of duplicate structure (terminology of Trendall & Blockley, 1970) associated with laminated magnetite. Duplicate structures verge mostly to the south-east, implying north-west-south-east regional extension during proto-ore formation. The absolute age of proto-ore is not known, but it post-dates the Boolgeeda Iron Formation (Fig. 2) .
Sodium-iron amphiboles formed late in protoore (Trendall & Blockley, 1970) during two stages, the first of which was complete or partial replacement of chert and chert-magnetite mesobands by riebeckite. The second stage was the formation of crocidolite veins. The fibrous internal structure of those veins is normal to bounding surfaces, which implies vertical extension. Identical calcite or dolomite veins, some with cone-in-cone structure, in mudrocks throughout the Hamersley Group are overpressure bands that have been interpreted previously as evaporite pseudomorphs (Morris, 1993, fig. 12 ). Riebeckite formation predated Ophthalmian folding, whereas overpressure veins are related to Ophthalmian folding.
Sedimentological features
By analogy with their association with other lithofacies (Fig. 13A) , bedded chert intervals in BIF (Fig. 13B) are the upper boundaries of parasequences. Sections of the Dales Gorge, Whaleback Shale and Joffre Members show upward continuity of parasequences from mudrock to BIF by bedded chert intervals (Fig. 11) .
Fine-grained spheroids of haematite and siderite on laminae in bedded chert and in the chert matrix of BIF define a disequilibrium mineral assemblage that cannot be explained by coprecipitation from an iron-rich fluid. Rather, they resemble heavy mineral lags on plane beds. Because there is no evidence to suggest that lamina sets in BIF originated by a different process from lamina sets in other lithofacies, lamina sets in BIF are considered to be of density current origin. They are certainly different from the weak lamination in hemipelagites and tuffs. Consequently, fine-grained haematite and siderite on lamina sets may well be detrital minerals.
An iron-rich smectite precursor to greenalitestilpnomelane finds analogy with modern volcanogenic muds of the East Pacific Rise and Galapagos Spreading Centre (Weaver, 1989; Alibert & McCulloch, 1993) . A density current origin for laminations in BIF implies that precursor muds were resedimented, as were their modern analogues in basins flanking the East Pacific Rise (Lonsdale, 1976) . Only in the Weeli Wolli Formation (Fig. 3) are BIFs associated with volcanic and coarse-grained volcaniclastic lithofacies, implying that BIFs in the Brockman Iron Formation could be far removed from their volcanogenic sources. The distance those sediments were transported cannot be ascertained, but similar muds in basins flanking the East Pacific Rise have been transported 4000-5000 km by deep-sea currents, without being contaminated by other sediments (Lonsdale, 1976) . Rare granules of stilpnomelane (Ayers, 1972) and haematite and siderite spheroids suggest that the precursor muds were granular rather than amorphous, thereby better explaining their transport by density currents.
The density current interpretation is supported by two sedimentological types of mesobands. One type is microbanded and comprises compacted equivalents of the lamina sets in bedded chert, but with considerably less quartz. The other type is tabular bedded and massive or weakly laminated (see also Ewers & Morris, 1981) , and composed of fine-grained haematite or siderite in chert overgrown by disseminated magnetite (Figs 16D and 17A and B; see also Morris, 1993, fig. 5A ) or of relics of stilpnomelane overgrown by magnetite (e.g. McConchie, 1984, fig. 42 ). Massive mesobands grading upwards into microbanded mesobands (Fig. 17) resemble density current intervals in limestone, mudrock and tuffaceous lithofacies. Indeed, there is such a remarkable similarity between sedimentation rhythms in mudrock and BIF (cf. Figs 10E and 15C ) that it is difficult to see on what grounds the rhythms can be judged to be responses to different processes. Rare preservation of eroded draped lamination (Fig. 16E ) supports the density current interpretation.
Massive-only, massive to laminated or laminated-only mesobands are arranged in monotonous cycles from 2 to 10 cm in thickness (Figs 11, 13B, 15C and 16D) .
In contrast to bedded chert, it is difficult to argue that silica in the chert matrix of BIF was sourced across the sediment-water interface if replacement occurred during burial compaction, which is implied by the observation that microlaminated chert matrix post-dates bedded chert but predates burial diagenetic carbonates. Rather, silica must have been redistributed from an original iron-rich siliceous mud (Trendall & Blockley, 1970; Ayers, 1972) . In the absence of silica-fixing biota, precursor muds to BIF must have obtained a high silica content from ambient sea water (cf. Maliva, 2001) . Although replacement of original sediment during compaction is indicated, the chert-rich matrix retained high porosity because compactionrelated diagenetic ankerite-ferroan dolomite emphasizes, but partially obliterates, microlaminations.
Other significant structures in BIF are what Trendall & Blockley (1970) refer to as macules (their fig. 42 ) or laterally discontinuous podded cherts (their figs 27B, 28 and 40). Differential compaction and lateral tracing of laminae into compacted strata show that the structures are precompaction chert nodules (Fig. 16F) , and are additional evidence of early silica replacement. Two silicification stages are therefore confirmed. Precompaction chert nodules are also present in mudrocks (Fig. 13A) .
Breccia
Description
There are three types of breccias: (1) type 1 comprises dolomitized limestone, limestone and chert clasts in a matrix of phyllosilicate or carbonate sand ( Fig. 18A and B) ; (2) type 2 comprises pseudoclasts of mudrock and bedded chert in a soft sediment-deformed phyllosilicate matrix ( Fig. 18C and D) ; and (3) type 3 is jigsawfit breccia of bedded chert, limestone or mudrock in either a soft sediment deformed matrix or undeformed strata.
Type 1 breccias are textural diamictites. Compact, rounded boulders of black chert in breccias from the DS4 macroband of the Dales Gorge Member contrast with other clasts, including white and colourless chert, that are tabular and angular ( Fig. 18a and B) . Those breccias contain meteorite impact spherules (Hassler & Simonson, 2001) . Kepert (2001) described carbonate breccias in the Joffre Member that are from 1 to 8 m thick and contain carbonate megaclasts up to 21 m long, but most carbonate and chert clasts are <20 cm diameter.
Type 2 breccias contain pseudoclasts of bedded chert that are compact with concentric laminations and appear to have been rolled into spheres (Fig. 18D) . Water-escape structures are present in all type 2 breccias, whereas the structureless matrix passes laterally into type 3 breccias or remnants of bedded mudrock. Breccias are also present in BIF (Trendall & Blockley, 1970) and are restricted to units generally from a few centimetres to <50 cm in thickness, but rarely more than a few metres long. Pseudoclasts are angular and vary from chaotic to jigsaw fit.
Interpretation
Type 1 breccias are probably debris-flow deposits. Black chert and limestone clasts are of shelf or even shoreline origin (Kepert, 2001) . Breccias in the Dales Gorge Member appear to be impactrelated tsunami deposits (Hassler & Simonson, 2001) . Breccias in the Joffre Member were associated with collapse of carbonate buildups along a shelf edge (Kepert, 2001) .
Type 2 and 3 breccias are products of beddingparallel sediment homogenization, most likely caused by fluidization. Bed-specific soft-sediment deformation is interpreted to have been caused by earthquake shock (cf. Hempton & Dewey, 1983) , thereby implying that the depositional site experienced seismic shaking. Plastically deformed pseudoclasts of bedded chert also indicate that early chert was gelatinous before fluidization, although jigsaw fit of brittle-fractured bedded chert indicates that other chert intervals were lithified above and within fluidsaturated mud. The origin of jigsaw-fit breccias in BIF intervals cannot be tied to soft-sediment deformation and earthquake shock, and may be related to overpressure during basin dewatering.
SEQUENCE ANALYSIS
Sequence analysis is facilitated by division of the Brockman Supersequence into Lower, Middle and Upper Sections (Fig. 3) . The Upper Section, comprising the Yandicoogina Shale Member, Weeli Wolli Formation and Woongarra Volcanics, will be described in another paper.
Lower Section
First and second depositional sequences (BS1 and BS2) The base of BS1 is: (1) an erosion surface on the Middle Chert; and (2) an abrupt change from black shale and bedded chert to siliciclastic Tab (Fig. 5) or Tde turbidites (Fig. 4) . At Newman and Giles Point, Tab turbidites pass upwards and laterally into Tde-Te turbidites (Figs 4 and 5 ). BS1 records a distal section of a basin-floor fan comprising early lowstand-fan turbidites and a condensed section. The condensed section begins at 25AE13 m in Fig. 4 and at 25AE37 m in Fig. 5 , and passes up from carbonaceous mudstone to BIF (Brunos Band) with a bedded chert interval at the top. BS2, at Giles Point only (Fig. 5) , passes upwards and laterally from Tab sandstones to Tde-Te carbonaceous mudrocks with numerous intervals of bedded chert, and is therefore similar to BS1; however, it lacks an upper interval of BIF. At Newman (Fig. 4) and elsewhere (Fig. 13A) , BS2 is black shale and bedded chert with thin Tde turbidites. A zone of chert nodules below BS3 is a correlative horizon between Figs 4 and 5.
Three depositional systems are represented: (1) siliciclastic Tab-Tde-Te turbidites that filled distal channels of a basin-floor fan; (2) siliciclastic Tde-Te turbidites and carbonaceous hemipelagites deposited in distal interchannel areas; and (3) the precursor sediments to BIF, which must have been derived within the basin realm ( Fig. 19A and B) . Palaeoflow cannot be determined conclusively from the field exposures, but cross-bedding from two sandstone bodies has an average palaeocurrent to 205° (Fig. 5 ).
Third depositional sequence (BS3)
BS3 is dolomitized limestone in all sections other than at Newman, where it is black shale (Fig. 4) . In Wittenoom and Yampire Gorges (Fig. 1) , there is an upward change from R-and S-type turbidites to Tcde turbidites and Te calcareous mudstones, with bedded chert at the top (Figs 8 and 9 ). The largest clasts were probably derived from shelf calcilutites (Fig. 8) . Calcareous mudstones are interpreted to be a condensed section. Banded iron formation is present at Giles Point (Fig. 5) . Simonson et al. (1993b, fig. 30 ) recorded south-west-directed palaeocurrents from ripple cross-laminations, thus indicating derivation from a shelf to the northeast. The regional distribution, turbidite origin, upward-fining geometry and absence of evidence for above wave base deposition indicate analogy with carbonate basin-floor fans (e.g. Sarg, 1988; Haq, 1991) . Carbonaceous hemipelagites at Newman imply that the carbonate system was point sourced.
Interpretation
The three depositional sequences establish that a mixed carbonate-siliciclastic shelf fed sediment to basin-floor fans during sea-level lowstands (Fig. 19A) . Absence of carbonate megabreccias implies either a distal position relative to a shelf break or a sediment-starved shelf. Suspensiondeposited muds were siliciclastic or calcareous and shelf derived. Although there are hemipelagites, most muds were deposited from density currents. Considerable sea-level fall and channelling of sediments across a shelf (Fig. 19A ) are implied.
Lack of siliciclastic sandstone in all overlying depositional sequences and the condensed nature of the Brockman Supersequence (Blake & Barley, 1992) draw analogy with basin-floor or even deepsea condensed sections (Haq, 1991) . Despite similarities between the Lower Section and basin-floor sediment bodies, there are no preserved indicators of water depth. Deposition occurred on continental crust and, therefore, the depositional site was not abyssal.
Middle Section
Sequence-stratigraphic division of most of the Middle Section is shown in Fig. 20 . Depositional sequences are defined by lowstand density current deposits (limestones, mudrocks, type 1 breccias) overlain by BIF. Thicknesses of lowstand deposits are highly variable, with often <1 m of mudrock overlying a depositional sequence boundary. Upward-thickening to upward-thinning motifs in some depositional sequences record progradational-retrogradational parasequence sets. The position of the carbonate breccia (debris flow) and turbidite units described by Kepert (2001) is uncertain, but the lower and middle units may correspond to the lowstand part of BS33 and the upper unit to the lowstand part of BS34.
The Dales Gorge Member has well defined lowstand deposits (DS macrobands) overlain by condensed sections of BIF (DB macrobands). There are similar lowstand-condensed section pairs in the Joffre Member, but many condensed sections contain abundant shale and ashfall or resedimented tuffs. There are similar lowstandcondensed section pairs in the Whaleback Shale; however, BIF is subordinate to mudstone-bedded chert cycles and is siderite rich. There are no lowstand deposits in the Weeli Wolli Formation (Fig. 3) , and no density current rhythms in BIF.
Bedded chert defines the top of every depositional sequence by: (1) its sharp eroded contact with overlying limestone or mudrock; and (2) its gradational contact into underlying BIF. In contrast, the contact from lowstand mudrock to condensed section BIF is transitional, with upward continuity of parasequences (Fig. 11) . Bedded chert intervals at the top of many depositional sequences are compound, with multiple 5-10 cm thick relics of stilpnomelane-rich mudstone ( Fig. 10F ; DB13-DS14 boundary in Fig. 11 ). The compound intervals establish that ambient suspension sediments during sediment starvation were not BIF, and also that BIF deposition ceased before the end of third-order cycles.
Lowstand deposits in the Dales Gorge Member change from limestone-mudrock to mudrockonly towards the south-west, with the DDH44 Fig. 20 . Stratigraphic section of the Middle Section of the Brockman Supersequence (see Fig. 3 for context), compiled from drillholes DDH44 and DD98SGP001, and exposures at Joffre Falls. All beds ‡5 mm thick are included. Top of the section at 533AE6 m is )20AE28 m in DD98SGP001, the maximum exposure at Joffre Falls, and 74 m below the Yandicoogina Shale Member (Trendall, 1969) . Depositional sequence boundaries approximate base of 'shale' intervals in the Colonial Chert, Dales Gorge and Whaleback Shale Members (e.g. base of BS6 and DS1). portion of Fig. 20 representing a distal environment. Simonson et al. (1993b, fig. 30 ) recorded south-west-directed palaeocurrents from ripple cross-laminations in limestone turbidites. Lithofacies variations and palaeocurrents define a palaeoslope to the south-west and a depositional architecture similar to that of the Lower Section. The implications are that limestone and mudrock lithofacies were deposited in the basin realm but derived from a shelf to the north-east (Fig. 19A) . Kepert (2001) similarly concluded that carbonate debris flows and turbidites in the Joffre Member were derived from the northeast.
Lowstand deposits in some depositional sequences contain sedimentation units of BIF that are identical to BIF in the condensed sections. This suggests that precursor sediments to BIF characterized basin sedimentation not only during rising and high sea level, but also during lowstand beyond the limits of shelf-derived resedimented sediments (Fig. 19A) . However, BIF deposition did not occur throughout every depositional cycle. Intrabasinal density or contour (Zhenzhong et al., 1998) currents must have draped precursor sediments to BIF across lowstand basin-floor fans, implying that BIF bodies were contourite drifts (Fig. 19B) . If so, there would be no downpalaeoslope changes similar to those of lowstand deposits. Rather, the likelihood is that BIF bodies were mound-like, which is a geometry that can be interpreted from isopach maps of Trendall & Blockley (1970, figs 16-18 and plate 3). Table 9 in that publication shows that the concept of uniform thickness of BIF across the Hamersley Province is a myth. The DB15 macroband, for instance, has respective minimum and maximum thicknesses of 4AE42 m and 18AE29 m, whereas DB10 has respective minimum and maximum thicknesses of 1AE68 m and 10AE67 m. Those thickness variations seriously constrain province-wide correlations of mesobands and microbands.
The following evidence indicates that the precursor sediments to BIF were not ambient pelagites: (1) suspension-deposited sediments in lowstand deposits were siliciclastic, calcareous, carbonaceous or volcaniclastic mudstones; (2) suspension-deposited sediments in condensed sections and compound hardgrounds at the top of depositional sequences were hemipelagites; and (3) there is no evidence for BIF drapes on hardground surfaces. The last point is important as hardgrounds developed during periods, and in areas, of sediment starvation. It appears therefore that deposition of the precursor sediments to BIF was restricted to sea-floor areas beyond the limits of resedimented shelf sediments, and was dominant during rising and high sea level ( Fig. 19A and B) but ceased before the end of third-order depositional cycles. Those precursor sediments were almost certainly sourced within the basin realm.
The Middle Section is also organized into sets of depositional sequences dominated by basinderived BIF (Colonial Chert, Dales Gorge and Joffre Members) and into sets of depositional sequences dominated by shelf-derived lithofacies (Whaleback Shale but also the Lower Section). The Upper Section is similar, with shelf-derived lithofacies in the Yandicoogina Shale Member and BIF in the Weeli Wolli Formation and Woongarra Volcanics (Fig. 3) . A set of depositional sequences dominated by shelf-derived lithofacies paired with a set of BIF-dominated depositional sequences makes up a sequence set that is a larger scale analogue of the lowstandcondensed section pairs of depositional sequences. The implication is that the sequence sets are lower order sequences that also reflect sea-level changes. Sequence-stratigraphic analysis has therefore identified several orders of cyclicity to basin filling that most likely reflect sea-level change and episodic sea-floor hydrothermal activity. The overall stratigraphic geometry of upward drowning and transition to sea-floor volcanism is also consistent with an extensional basin. The relationship between rising and high sea levels, episodic sea-floor hydrothermal activity and BIF recalls the link between eustacy and spreadingridge pulses (Pitman, 1978) .
SUMMARY
1 Depositional sequences, paired lowstand and condensed section deposits and parasequences are documented from the Brockman Supersequence.
2 Lowstand deposits comprise minor sandgrade siliciclastic turbidites, limestone turbidites and mud-grade mixed siliciclastic-volcaniclastic turbidites of a distal basin-floor fan. Banded iron formation is present, but its contrast with shelfderived turbidites implies that its precursor sediments were sourced within the basin realm.
3 Condensed sections comprise BIF and mixed siliciclastic-volcaniclastic hemipelagite. The precursor sediments to BIF are interpreted to have been oxide facies iron-rich hydrothermal muds deposited on the flanks of submarine volcanoes. Those muds may have been granular rather than amorphous.
4 Massive to plane-laminated couplets in BIF are identical to those in lowstand mudrocks, and establish that the precursor sediments to BIF were density current deposits. For those sediments to have been draped across lowstand basin-floor fans, they must have been transported by bottom currents or gravity-driven turbidity currents.
5 Microbanding in BIF is compacted density current lamination in which fine-grained haematite and siderite or precursor mud paired with chert define lamina sets. The chert matrix of BIF is diagenetic and developed during burial, but precompaction chert nodules record the early replacement of precursor sediment by silica.
6 Silica replacement is best illustrated by bedded chert. Replacement of all lithofacies types occurred. Preservation of density current laminations in bedded chert is identical to that in chert nodules in BIF. Diagenetic replacement by silica occurred before compaction, and bedded chert was indurated before burial compaction.
Furthermore, erosional truncation of bedded chert intervals shows that early diagenetic chert was indurated at the time of sea-floor exposure.
7 Bedded chert intervals define the top of every depositional sequence and parasequence. Their province-wide extent establishes that they record basin-wide hiatuses. Early sea-floor replacement and basin-wide extent draw analogy to Phanerozoic hardgrounds, such that bedded chert intervals are siliceous hardgrounds. As hardgrounds and hiatal surfaces in general are paraconformities, this study has not only defined genetic intervals in deep-marine sediments of enigmatic iron-rich compositions but also basin-wide breaks in sedimentation.
8 Several orders of cyclicity to basin filling reflect a relationship between sea-level change, tectonic setting and sea-floor magmatism. The dominance of BIF in condensed sections records a causal relationship between pulsed hydrothermal/volcanic activity and rising to high sea levels.
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